Insulin activates the PI3K-Akt survival pathway in vulnerable neurons following global brain ischemia.
Insulin is neuroprotective following transient global brain ischemia; however, the mechanisms by which insulin exerts its salutary effects remain unclear. We assessed insulin's effect on the PI3K-Akt survival system and consequent modulation of the pro-apoptotic proteins Bim, Bad and FoxO3a. We utilized rats subjected to 10 minutes of global brain ischemia, with or without insulin administered at the onset of reperfusion. In sham-operated animals, minimal pAkt immunofluorescence was detected in the CA1. Moreover, at 30 minute reperfusion, there was no change in pAkt in CA1 neurons. Single bolus high-dose insulin treatment resulted in an early increase in pAkt after 30 minutes, preservation of CA1 neurons to 14 days of reperfusion and preservation of spatial learning ability. Insulin treatment increased cytoplasmic and nuclear staining for pAkt in both CA1 and cortex. Insulin-induced Akt phosphorylation was suppressed by the PI3K inhibitor wortmannin. Neither reperfusion nor insulin induced any change in the phosphorylation or subcellular localization of FoxO3a, Bim or Bad. A single bolus of high-dose insulin reduced CA1 neuronal cell death and thus represents a potential therapeutic intervention for global brain ischemia. These results reveal that proximal elements of a known cell-survival pathway are triggered by high-dose insulin during early reperfusion. Insulin induces robust PI3K-dependent phosphorylation of Akt by 30 minute reperfusion and results in improvement of hippocampal structure and function. However, the Akt substrates FoxO3a, Bim and Bad do not undergo corresponding changes in phosphorylation or subcellular localization in this model of global brain ischemia. The downstream components of insulin-induced Akt survival signaling after transient global brain ischemia remain to be identified.